We propose a field theory model for dark energy and dark matter in interaction. Comparing the classical solutions of the field equations with the observations of the CMB shift parameter, BAO, lookback time and Gold supernovae sample, we observe a possible interaction between dark sectors with energy decay from dark energy into dark matter. The observed interaction provides an alleviation to the coincidence problem.
are good enough at two σ level, providing some confidence on the results.
Most available discussions on the interaction between dark sectors are concentrated on the phenomenological investigations. It is of great interest to describe the interaction between dark energy and dark matter from a fundamental field theory point of view. Recently, some attempts have been proposed in [13] . In order to follow this thread, we consider now an interacting field theory with two fields describing each of the dark components, a fermionic field for Dark Matter and a bosonic field for the Dark Energy, which here we adopt to be the tachyon field [8] - [11] . We thus consider the Lagrangian
where α is a constant with dimension MeV −4 , β a coupling between dark energy and dark matter fields, V (ϕ) the tachyonic potential and g the determinant of the metric. For a
Friedmann-Robertson-Walker cosmology g µν = diag(1, −a(t) 2 , −a(t) 2 , −a(t) 2 ) one finds the equation of motion for the scalar field to bë
with H =˙a a . We also have
From the latter,ΨΨ =Ψ 0 Ψ 0 a 3 0 a 3
. We note that such a result follows from the homogeneity assumed for Dark Matter distribution. Thus, Dark Matter in our model just follows the universe expansion, what is consistent with the cosmological principle. Moreover,
where we defined the effective mass
Deriving 5 and 7 with respect to time and using 2 and 4, we geṫ
These equations are very similar to those usually used as a phenomenological model for the interaction between dark matter and dark energy [4, 7, 12] . The right hand side in the above equations does not contain the Hubble parameter H explicitly, but it does contain the time derivative of the scalar field, which should behave as the inverse of the cosmological time,
replacing thus the Hubble parameter in the phenomenological models.
The Friedmann equation for a flat universe reads
where
Some analytic solutions in the pure bosonic case have been found in [9] and [11] for the potential
We choose, at this moment, n = 2, which leads to a power law expansion of the universe.
However, we shall see that this choice is really not important and some properties depend little on the actual choice of n. This actually lowers the appeal of the present model.
Let us now compare the interacting DE with the observational data. We will compare the interacting tachyonic model with the luminosity distance of the Gold supernova sample (182 type Ia supernovae observations), the shift parameter of CMB radiation, the measurement of the Baryonic Acoustic Oscillations (BAO) and ages of galaxy clusters (see [7, 13, 14, 15, 16] ).
It is convenient to rewrite (2) in terms of two first order equations. Using V (ϕ) as in (12) with n = 2, (2) becomeṡ
Above, we defined ϕ ≡ φ √ α
. Equating the actual values of ρ Ψ and ρ φ with the observed
, we can replaceΨ 0 Ψ 0 and m by observable quantities:
where H 0 = 2.133h × 10 −39 MeV is the value of the Hubble parameter today,
The parameter α is fixed as
[10], such α was chosen such that the last term in (15) is of the same order of magnitude as the other terms. In fact, we shall see -and it is easy to infer from the above equations -that only
can be obtained, that is, α and M can be absorbed in the redefinition of β. Thus we have, as parameters of the model, (
In [17] , the lookback time method was discussed, allowing to use the cluster age to fix the parameters. Given an object i at redshift z i , its age t(z i ) is defined as the difference between the age of the universe at z i and the age of the universe at the formation redshift of the object, z F , that is,
where t L is the lookback time given by
Using (19), the observational lookback time t
where t obs 0 is the estimated age of the universe today and df is the delay factor,
We now minimize χ
where t L (z i , p) is the theoretical value of the lookback time in z i , p denotes the theoretical parameters, t obs L (z i ) is the corresponding observational value given by (21), σ i is the uncertainty in the estimated age t(z i ) of the object at z i , which appears in (21) and σ t obs 0 is the uncertainty in getting t obs 0 . The delay factor df appears because of our ignorance about the redshift formation z F of the object and has to be adjusted. Note, however, that the theoretical lookback time does not depend on this parameter, and we can marginalize over it.
In [18] and [19] the ages of 35 and 32 red galaxies are respectively given. For the age of the universe one can adopt t obs 0 = 13.73 ± 0.12Gyr [20] . Although this estimate for t obs 0 has been obtained assuming a ΛCDM universe, it does not introduce systematical errors in our calculation: any systematical error eventually introduced here would be compensated by the adjust of df , in (21) . On the other hand, this estimate is in perfect agreement with other estimates, which are independent of the cosmological model, as for example
−2.4 Gyr, obtained from globular cluster ages [21] and t obs 0 = 12.5±3.0Gyr, obtained from radioisotopes studies [22] .
For the cosmic radiation shift parameter in the flat universe we have
where z ls = 1089 is the last scattering surface redshift parameter. The value R has been estimated in [23] from the 3-years WMAP [24] results as R obs = 1.70 ± 0.03, for the flat universe, and is very weakly model dependent. Thus
Baryonic Acoustic Oscilations (BAO) [25] is described in terms of the parameter
where z BAO = 0.35. It has been estimated that A obs = 0.469( ns 0.98 ) −0.35 ±0.017, with n s = 0.95 [24] being the scalar spectral index. We thus add to χ 2 the term
Finally, we add the 182 supernovae data from SNLS [26] , recent supernovae from HST/GOODS and further old data, as compiled by Riess, et. al. [27] . Defining the distance modulus µ(z) = 5log 10 c(1
we have the contribution
We use que expression
where the last two terms correspond to gaussian priors for h [28] and Ω Ψ 0 [27] , respectively:
h obs = 0.72 ± 0.08 and Ω M obs = 0.28 ± 0.04.
The likelihood function is given by
We present in the table the individual (marginalized) best fit for each parameter, with respective deviations. Figure (1a) shows the curve µ(z), corresponding to the global best fit. Figure (1b) shows the fit of the lookback time t L (z). In order to compare the model with our previous predictions [4, 6, 7, 12] we compute the likelihood functions concerning the various parameters of our model. Our main previous prediction concerns the behaviour of the interaction, especially its sign. As it turns out, the model is very degenerated, but most of the allowed values of β are consistent with a negative coupling.
In figure 3 we plot the behaviour of the β versus φ 0 contour for 1σ and 2σ. indicate that if there is a coupling connecting the dark sectors, it is more probable for the dark energy to decay into dark matter, which is consistent with the fact obtained in the study of thermodynamics [29] .
In figure 5 , the first diagram concerns the Dark Matter fraction Ω Ψ 0 versus
We see that the observed value holds almost independent of In order to further understand this problem we consider the consequence of our formulation for an effective fluid interaction such as the one considered in several previous papers [1, 4, 6, 7] . In those works, the interaction term in the fluid conservation equations is of the form δHρ, where δ is the coupling constant. After some simple manipulations and using the definition of w, the equations (9) and (10) can be put in the forṁ
0 . Moreover, for z > 0, ω rapidly approaches very small values, so the interaction term in the r.h.s. of (32) and (33) will be of order of
3 , very similar to the phenomenological interaction. Therefore, the phenomenological coupling constant δ would be constituted of two theoretical parameters:
On the other hand, notice that, in the model considered here, the parameter δ ≡
, is in fact an effective coupling constant. This appears in (32) and (33) and in the last term of (15) . The only other place where
appears is in (18), but in fact, H is not much affected by the coupling, since φ decreases rapidly to a certain value (typically about 0.8φ 0 ), thereafter remaining constant (remember that we are integrating the equations "backward").
Therefore, for Dark Energy is connected with a larger value of φ 0 as shown in figure 9 . However, such a result is rather model dependent.
The first attempt of this study was to describe a few details about the Dark Energy and
Dark Matter behaviours and thus we chose the model by specifying the index n to be 2.
However, in figure 10 we see that the numerical solution shows nothing extraordinary for such a choice of n. Indeed, for n = 1, 2, 3 the results of the likelihood of the coupling β are surprisingly similar.
All n tested in this work (until n = 10) were capable to reproduce the features of the observed universe (at least, of the background), and, in fact, the solutions of the equation of motion for all n tested had the same qualitative behavior: it reproduced the actual period of accelerated expansion, driven by the Dark Energy domination, and the Dark Energy equation of state parameter approaching zero in the Dark Matter domination era, forcing the ratio ρ Ψ /ρ φ to be a constant in this era. In [11] two approximate solutions had been found, valid for a tachyon dominated universe: one which corresponds to ω ≈ −1, for 0 < n < 2 and another which corresponds to ω ≈ 0, for n > 2. The numerical solutions for the exact equation of motion, encountered by us, in fact reproduce these predicted behaviour, but only asymptotically, in the far future (a(t) >> 1), when Ω φ → 1. These results are consistent with those found in ref [13] , namely a dynamical attractor behaviour for general values of n.
The model has further features that we consider being drawbacks, as e.g. the fact that w > −1 or also the extreme non linearity of the action, rendering the calculation clumsy and the particle interpretation unclear. From a positive side, the problem can be opened up for more realistic models of Quantum Field Theory, as in [30] .
In spite of the simplicity of the model, the comparison of the model with the values of cosmological parameters leads to the conclusion that the interaction is consistent with the observations at least at one standard deviation, possibly at two, for negative coupling. This encourages us to look for more sophisticated theoretical field models for the explanation of the Dark Matter and Dark Energy behaviors as well as their origins. In particular, the present model does not account for equations of state with ω < −1. We could try to mimic this fact by taking more sophisticated potentials (V < 0) or a larger number of fields, but that would enlarge the number of parameters of the model. Since a transition redshift is not yet well established we prefer to stay with the more conservative case.
A further point we have not dealt with is the comparison with the structure formation.
The procedure might imply further (and better) constraints for β and φ 0 . However, we did not find it worthwhile pursuing further this simple model and we left aside this possibility.
As a conclusion we can state that it is reasonable to expect that DE and DM interact via a small but calculable and observable coupling, possibly giving an alternative to the usual cosmological constant explanation of Dark Energy.
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